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(54) CYLINDRICAL ELECTRODE AND AIR ZINC BATTERY USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cylindrical air zinc battery that 
comprises a cylindrical electrode excellent in mechanical strength, has an 
excellent electrolyte leakage- resistant property and discharging characteristic, 
has high discharging capacity and also has small dispersion of current 
collection. 

SOLUTION: A cylindrical electrode 50 is composed of: a disc-like metal 
sealing member 21 having a cylindrical hollow electrode comprised of a 
reaction layer 1 having oxidation-reduction capability, a metal collector 2 and 
a water repellent gas passing film 3 and a annular groove; and an annular 
metal sealing 22 having an annular groove; and is formed by inserting one 
open end of the electrode into the groove of the disc-like metal sealing 
member 21 and crimping it, and inserting the other open end of the electrode 
into the groove of the annular metal sealing member 22 and crimping it. A 
cylindrical air zinc battery is structured by using the cylindrical electrode 50. 
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(54) [Title of the Invention] CYLINDRICAL ELECTRODE AND AIR - ZINC BATTERY 
USING SUCH ELECTRODE 

(57) [Abstract] 

[Object] The object of the present invention is to provide a cylindrical electrode having excellent 
mechanical strength and a cylindrical air - zinc battery having excellent resistance to leakage and 
discharge characteristic and also a high discharge capacity and small spread in current collection. 

[Means to Attain the Object] A cylindrical electrode 50 comprising a hollow tubular electrode 
consisting of a reaction layer 1 having an oxygen reduction capability, a metallic collector 2, and 
a water-repellent gas permeable membrane 3, a ring-like metallic sealing member 22 having a 
ring-like groove, and a disk-like metallic sealing member 21 having a ring-like groove, wherein 
one open end of the electrode is inserted into the groove in the ring-like metallic sealing member 
22 and attached thereto by pressure, and another open end of the electrode is inserted into the 
groove in the disk-like metallic sealing member 21 and attached thereto by pressure. A 
cylindrical air - zinc battery fabricated by using the cylindrical electrode 50. 

[Patent Claims] 

[Claim 1] A cylindrical electrode comprising: 

a hollow tubular electrode consisting of a reaction layer having an oxygen reduction 

capability, a metallic collector, and a water-repellent gas permeable membrane, 
a ring-like metallic sealing member having a ring-like groove, and 
a disk-like metallic sealing member having a ring-like groove, wherein 



one open end of said electrode is inserted into the groove in said ring-like metallic sealing 
member and attached thereto by pressure, and another open end of said electrode is inserted into 
the groove in said disk-like metallic sealing member and attached thereto by pressure. 

[Claim 2] The cylindrical electrode as described in Claim 1, wherein the central portion of the 
disk in said disk -like metallic sealing member protrudes to the outside from the cylindrical 
portion of the electrode. 

[Claim 3] The cylindrical electrode as described in Claim 1, wherein the depth of the groove in 
said ring-like metallic sealing member and the depth of the groove in said disk-like metallic 
sealing member is no less than 2.5% and no more than 20% of the length of the cylindrical 
portion of the electrode. 

[Claim 4] The cylindrical electrode as described in Claim 1, wherein said ring-like metallic 
sealing member and said disk-like metallic sealing member are formed from metallic sheets. 

[Claim 5] The cylindrical electrode as described in Claim 1, wherein the outer walls of the 
grooves in said ring-like metallic sealing member and said disk-like metallic sealing member are 
subjected to ring-like projection processing after the insertion of the electrode open ends. 

[Claim 6] An air - zinc battery in which the side of the cylindrical electrode described in Claim 1 
which is sealed with the disk-like metallic sealing member is inserted toward the bottom of an 
open-end cylindrical positive electrode case also serving as a positive electrode terminal and 
brought into intimate contact therewith to provide for current collection on the positive electrode 
side. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] The present invention relates to a cylindrical electrode 
having excellent discharge characteristic and resistance to leakage. 

[0002] 

[Prior Art Technology] Recent progress attained in the field of portable electronic devices has 
been creating an ever growing demand for batteries, which are power sources for the devices, 
that can produce a higher electric current and can be used for a longer time. More recently, great 
attention has been focused on environmental protection and effective utilization of natural 
resources, and a strong social demand was produced for technology satisfying such requirements. 

[0003] Fuel cells and air - zinc batteries using oxygen as a positive electrode active material 
have been known as effective battery systems meeting the above-described demands. Such 
battery systems produce smaller effect on environment than other battery systems because the 
positive electrode active material is oxygen. Moreover, they are superior to other battery systems 
in terms of the produced electric capacity. Air - zinc batteries have an especially excellent 



energy density per unit volume and are expected to become batteries of choice for future portable 
devices. 

[0004] Small button- or coin-like air - zinc batteries are currently mainly used as power sources 
for hearing aids, pagers and the like. However, since such small batteries have limited 
application, there is a demand for cylindrical air - zinc batteries which are suitable for wider 
applications. 

[0005] The air - zinc batteries use oxygen as a positive electrode active material, zinc as a 
negative electrode active material, and a strongly alkaline aqueous solution as an electrolytic 
solution. Therefore, sufficient measures against leakage of electrolytic solution have to be taken 
in the batteries of this type. 

[0006] A cylindrical air - zinc battery that has been suggested earlier will be explained below 
with reference to Fig 6 and Fig 7. Fig 6 shows the structure of the cylindrical electrode thai has 
been suggested earlier. Fig 6(a) is its partial cross section, Fig 6(b) is the exploded view of the 
portion indicated as P2 in Fig 6(a). Fig 7 shows the structure of the cylindrical air - zinc battery 
that has been suggested earlier. 

[0007] The conventional cylindrical electrode 60, as shown in Fig 6(a), is a hollow tubular 
electrode which, as shown in Fig 6(b) comprises a reaction layer 1 having an oxygen reduction 
capability, a metallic collector 2, and a water-repellent gas-permeable membrane 3. 

[0008] In the structure of the air - zinc battery 61 using the cylindrical electrode 60, as shown in 
Fig 7, the cylindrical electrode 60 serves as a positive electrode , and the open end on the 
positive electrode terminal side of the cylindrical electrode 60 is arranged in the prescribed 
positions of the gasket 10, positive electrode terminal sheet 14, and gasket 1 1. Furthermore, the 
metallic collector 2 and the positive electrode terminal sheet 14 are electrically connected to each 
other via a lead wire 9. Furthermore, an air diffusion layer 4 is provided on the outer side of the 
gas permeable membrane 3, and an open-end tubular separator 5 consisting of a nonwoven fabric 
or the like is attached to the inner wall of the reaction layer 1 so that its bottom portion is on the 
positive electrode terminal sheet 14 side. A gelled negative electrode mix 6 consisting of 
powdered zinc, aqueous solution of potassium hydroxide, and a thickening agent is placed inside 
the separator 5. 

[0009] Furthermore, a gasket 8 is installed in the prescribed position in the opening of the 
cylindrical electrode 60 at the negative electrode terminal side, then a negative electrode terminal 
sheet 13 is installed, an outer case 12 having an air opening 16 is placed and the structural 
components located inside the battery are sealed by inwardly bending the open portion of the 
outer case 1 2 and the neck portion 1 5 obtained by drawing. The collection of current at the 
negative electrode is conducted by electrically connecting a negative electrode terminal sheet 13 
and a nail-like negative electrode collector pin 7 inserted into the negative electrode mix 6. 
Furthermore, until the air battery is used, the air opening 16 has to be closed; a sealing member 
used for this purpose is not shown in the figure. 



[00 1 5] In accordance with the invention disclosed in Claim 2, the central portion of the disk in 
the disk-like metallic sealing member protrudes to the outside from the cylindrical portion of the 
electrode. 

[0016] In accordance with the invention disclosed in Claim 3, the depth of the groove in the ring- 
like metallic sealing member and the depth of the groove in the disk-like metallic sealing 
member is no less than 2.5% and no more than 20% of the length of the cylindrical portion of the 
electrode. 

[0017] Furthermore, in accordance with the invention disclosed in Claim 4, the ring-like metallic 
sealing member and the disk-like metallic sealing member are formed from metallic sheets. 

[0018] In accordance with the invention disclosed in Claim 5, the outer walls of the grooves in 
the ring-like metallic sealing member and the disk-like metallic sealing member are subjected to 
ring-like projection processing after the insertion of the electrode open ends. 

[0019] In accordance with the invention disclosed in Claim 6, a cylindrical air - zinc battery is 
provided in which the side of the cylindrical electrode described in any claim from Claim 1 to 
Claim 5, which is sealed with the disk-like metallic sealing member, is inserted toward the 
bottom of an open-end cylindrical positive electrode case also serving as a positive electrode 
terminal and brought into intimate contact therewith to provide for current collection on the 
positive electrode side. 

[0020] In accordance with the invention described in Claim 1, both open ends of the cylindrical 
electrode are rigidly secured with a ring-like metallic sealing member and a disk-like metallic 
sealing member having a structure such that they clamp the open ends. Therefore, the metallic 
collector and the metallic sealing member are brought into intimate contact, a stable electric 
connection is obtained, the spread in current collection is decreased, and the reaction layer is 
compressed together with the gas permeable membrane. As a result, the mechanical strength of 
the electrode is increased and no deformation is generated even when an external stress is 
applied. Therefore, tightly sealed state of electrolytic solution is guaranteed and resistance to 
leakage is improved. 

[0021] Furthermore, in accordance with the invention described in Claim 2, the central portion of 
the disk-like metallic sealing member protrudes to the outside of the cylindrical electrode. As a 
result, the discharge capacity can be increased. 

[0022] Moreover, in accordance with the invention described in Claim 3, the depth of grooves 
for insertion of the open portions of the cylindrical electrode, which are provided in the disk-like 
metallic sealing member and the ring-like metallic sealing member, is optimized, which makes it 
possible to improve additionally the leakage resistance and increase the discharge capacity. 

[0023] Furthermore, in accordance with the invention described in Claim 4, the ring-like metallic 
sealing member and the disk-like metallic sealing member are formed from metallic sheets by 
drawing. Therefore, they can be manufactured with high productivity at a low cost. 



[0024] Moreover, in accordance with the invention disclosed in Claim 5, the outer walls of the 
grooves in the ring-like metallic sealing member and the disk-like metallic sealing member are 
subjected to ring-like projection processing after the insertion of the electrode open ends. 
Therefore, the leakage resistance and current collection characteristic are additionally improved. 

[0025] Furthermore, in accordance with the invention disclosed in Claim 6, a cylindrical air - 
zinc battery can be provided in which the internal resistance and spread in the resistance can be 
reduced and which has excellent discharge characteristic and resistance to leakage. 

[0026] 

[Preferred Embodiment of the Present Invention] The preferred embodiment of the present 
invention will be described below with reference to Figs 1 to 5. Fig 1 illustrates an embodiment 
of the cylindrical electrode in accordance with the present invention. Fig (a) is a partial cross 
section thereof, Fig (b) is an exploded view of the portion indicated with a reference symbol Pi 
in Fig 1. Figs 3 to 5 illustrate other embodiments of the cylindrical electrode in accordance with 
the present invention. 

[0027] Embodiment 1 

A cylindrical electrode will be described below with reference to Fig 1. The electrode was 
fabricated in the following manner. Manganese oxide as a catalyst having a redox capability, 
carbon black, and an aqueous dispersion of polytetrafluoroethylene having a content of solids of 
60% weremixed-so as to obtain a ratio -of-solids-of 20j 50.:.3.0.and to provLde.a paste-like 
reaction layer mixture. This reaction layer mixture was coated on a metal collector 2 made of a 
cylindrical stainless steel net plated with nickel. Subsequent drying and press rolling produced a 
cylindrical reaction layer 1 having a thickness of 0.8 mm. The reaction layer 1 was then inserted 
in a cylindrical gas permeable membrane 3 having a thickness of 0. 1 mm and a water repellent 
function. Subsequent press rolling tightly bonded the gas permeable membrane 3 to the reaction 
layer 1 and produced a cylindrical electrode. 

[0028] Then, metallic sealing members 21, 22 were fit onto both open ends of the cylindrical 
electrode fabricated in the above-described manner so that the open ends were inserted in the 
grooves provided on the metallic sealing members, and the metallic sealing members were 
compressed in the radial direction along the whole periphery to obtain a cylindrical electrode 50. 
In this process, the metallic sealing members 21, 22 were attached under pressure to the metallic 
collector 2 at the open end portions, thereby providing for electric connection between them. At 
the same time, the reaction layer 1 and the gas permeable membrane 3 were also compressed m 
the radial direction and their strength was increased. In the above-described embodiment, the 
metallic sealing member 21 had a disk-like shape, and the metallic sealing member 22 had a 
ring-like shape. 

[0029] Means employed for the above-mentioned compression can be a method reducing an 
outer diameter A shown in Fig 1(b), a method enlarging the inner diameter B, or a combination 
of these two methods. Copper, brass, and steel or stainless steel plated with nickel can be used 



for the metallic sealing members 21, 22. When copper or brass is used, it is preferred that it be 
plated with tia 

[0030] The structure of an air - zinc battery 5 1 employing the cylindrical electrode 50 fabricated 
in the above-described manner is shown in Fig 2. An air diffusion layer 4 consisting of a 
nonwoven fabric or the like was installed outside of the air permeable membrane 3 of the 
cylindrical electrode 50, and the resulting assembly was inserted in a positive electrode case 23 
also serving as a positive electrode terminal. The positive electrode case 23 also serving as a 
positive electrode terminal had an air inlet opening 16 in its side surface. Then, an open-end 
cylindrical separator 5 consisting of nonwoven fabric made of a natural pulp material was 
inserted, so as to be in close contact with the reaction layer 1, from an open portion on the side of 
the ring-like metallic sealing member 22 along the inner surface of the cylindrical electrode 50. 
Then, the space inside the separator 5 was filled with a gelled negative electrode mix 6 
consisting of powdered zinc, an aqueous solution of potassium hydroxide, and a thickening 
agent. 

[003 1] The gasket 8 was then inserted in the open portion of the positive electrode case 23. The 
gasket 8 was used to prevent the contact between the negative electrode mix 6 and the inner side 
of the metallic sealing member 22. This is necessary because if the powdered zinc present in the 
negative electrode mix 6 contacts with the metallic sealing member 22, a local cell is formed and 
the discharge capacity of zinc serving as a negative electrode active material is decreased. 
Furthermore, a nail-like negative electrode collector pin 7 is inserted in through the center of the 
gasket 8 to reach the negative electrode mix 6. 

[0032] The open portion of the positive electrode case 23 is then mechanically bent inward and 
sealed by caulking. As a result, a cylindrical air - zinc battery 5 1 is obtained which has an outer 
diameter of 14 mm and a height of 50 mm. In such a battery, current collection at the cylindrical 
electrode 50 and the positive electrode case 23 also serving as a positive electrode terminal is 
guaranteed because the metallic sealing members 21, 22 fit onto the cylindrical electrode 50 are 
strongly attached under pressure to the inner surface of the positive electrode case 23. In other 
words, the metallic collector 2 of the cylindrical electrode 50 is connected to the positive 
electrode case 23 via metallic sealing members 21, 22 at a low contact resistance. Current 
collection at the negative electrode is guaranteed by the fact that the nail-like negative electrode 
collector pin 7 was inserted in the center of the gasket 8, passed through the gasket 8, and 
reached the negative electrode mix 6, his other end being connected to the negative electrode 
terminal plate 13. 

[0033] The air - zinc battery 5 1 fabricated in the above-described manner and the air - zinc 
battery 61 as the conventional example were fabricated so as to have the same size, and the 
following characteristics of the batteries were measured 

(1) Discharge capacity : a discharge capacity at a load of 10 Ohm and an end voltage of 0.9 V 
was measured 

(2) Leakage : the batteries were discharged at a load of 10 Ohm and an end voltage of 0.9 V and 
the occurrence of leakage after 100 h was determined. 



n 



The results obtained are shown in Table 1. 

[0034] 

[Table 1] 



Total number of batteries used for measurements : 20 





Discharge capacity via 10 
Ohm load (mAh) 


Occurrence of leakage after 100 h 
(number of batteries; the discharge end 
voltage is 0.9 V 


Embodiment 1 


2425 


0 


Embodiment 2 


2558 


0 


Conventional example 


1962 


11 



[0035] As shown in Table 1, the discharge capacity of the air - zinc battery 51 of Embodiment 1 
was higher than that of the air - zinc battery 61 having the conventional structure. Furthermore, 
no leakage after discharge was observed in the batteries of the embodiment. 

[0036] Embodiment 2 



An air - zinc battery 51 was fabricated in the same manner as in Embodiment 1, except that the 
cOTtralpoftionofthe dick-like metatlicnrealing^member 21 protruded to the outside beyond the 
cylindrical portion of the electrode, as shown in Fig 3. Measurements were conducted in the 
same manner as described above. The measurement results are presented in Table 1. It is 
preferred that the length C between the electrode clamping portion of the metallic sealing 
member 22 and the protruding portion of the metallic sealing member 21 shown in Fig 1 
exceeded the length D between the electrode clamping portions of the metallic sealing member 
21, 22. 

[0037] As shown in Table 1, the discharge capacity of the air - zinc battery 5 1 of Embodiment 2 
was higher than that obtained in Embodiment 1. Furthermore, no leakage after discharge was 
observed in the batteries of the Embodiment 2. 

[0038] Embodiment 3 

An air - zinc battery 51 was fabricated in the same manner as in Embodiment 5 1, except that the 
respective depths Ei, E2 of the grooves in the metallic sealing members 21, 22 fitted onto the 
peripheral portion of the electrode were varied within a range of 1.0-30% of the electrode length 
F (in this case, Ei = E 2 ) and that the central portion of the metallic sealing member 21 protruded 
to the outside beyond the cylindrical portion of the electrode. The measurements were conducted 
in the same manner as described above. The measurement results are presented in Table 2. 



[0039] 
[Table 2] 



Total number of batteries used for measurements : 20 



El/ForE2/F(%) 


Discharge capacity via 10 
Ohm load (mAh) 


Occurrence of leakage after 100 h 
(number of batteries; the discharge end 
voltage is 0.9 V 


1.0 


1642 


12 


1.5 


1921 


8 


2.0 


2078 


3 


2.5 


2425 


0 


3.0 


2415 


0 


5.0 


2416 


0 


7.5 


2390 


0 


10.0 


2394 


0 


15.0 


2386 


0 


20.0 


2387 


0 


25.0 


1982 


0 


30.0 


1837 


0 



[0040] Data presented in Table 2 show that when the El/F, E2/F ratios are less than 2.0%, the 
resistance to leakage decreases. When the El/F, E2/F ratios are above 2.5%, the occurrence of 
leakage becomes zero and the leakage resistance characteristic of the batteries is good However, 
when the El/F, E2/F ratios exceed 25.0%, the reaction surface area and the amount of the 
negative electrode mix decrease and the discharge capacity drops. Therefore, it is preferred that 
the El/F, E2/F ratios be within a range from no less than 2.5% to no more than 20.0% 
Furthermore, it is necessary that this requirement be met for both ratios. Thus, when either of the 
El/F and E2/F ratios did not meet this requirement, the effect was found to decrease. 

[0041] Embodiment 4 

An air - zinc battery 51 was fabricated in the same manner as in Embodiment 51, except that the 
projection processing was conducted, as shown by the ring-like groove G, after the peripheral 
portion of the electrode was inserted in the grooves made in the metallic sealing members 21, 22, 
as shown in Fig 5. Then the batteries of Embodiment 4 and the above-described batteries of 
Embodiment 1 and the conventional example (a total of 20 batteries of each type) were fully 
charged and discharged to an end voltage of 0.9 V. Then, the occurrence of leakage after 100 h 
and the occurrence of leakage after 500 h were studied. The results obtained are shown in Table 
3. 



[0042) 



[Table 3] 





Occurrence of leakage after 100 
h (number of batteries; the 
discharge end voltage is 0.9 V 


Occurrence of leakage after 500 h 
(number of batteries; the discharge 
end voltage is 0.9 V 


Embodiment 1 


0 


3 


Embodiment 4 


0 


0 


Conventional example 


11 


18 



[0043] As follows from Table 3, the batteries of Embodiment 4 showed no leakage even after the 
utilization under more severe conditions, that is, after 500 h. Therefore, it is clear the projection 
processing conducted in the grooved structural parts of the metallic sealing members 21, 22 
improves leakage resistance. 



[0044] 

[Effect of the Invention] As described above, with the cylindrical electrode in accordance with 
the present invention and an air - zinc battery employing such a cylindrical electrode, a battery 
can be obtained which has excellent resistance to leakage, discharge characteristic, and discharge 
capacity. Furthermore, since the collection of current onto the positive electrode case also 
serving as the positive electrode terminal is conducted via a metallic sealing member having a 
high stfength,~a~battery can be p r o vided~which has a sma ll spr ead of-current collection — 
characteristic. 

[Brief Description of the Drawings] 

Fig 1 shows an embodiment of the cylindrical electrode in accordance with the present 
invention. Fig (a) shows a partial cross section thereof, and Fig (b) is an exploded view of its 
main portion. 

Fig 2 shows the structure of the air - zinc battery in accordance with the present 
invention. 

Fig 3 shows another embodiment of the cylindrical electrode in accordance with the 
present invention. 

Fig 4 shows another embodiment of the cylindrical electrode in accordance with the 
present invention. 

Fig 5 shows another embodiment of the cylindrical electrode in accordance with the 
present invention. 

Fig 6 shows the conventional cylindrical electrode. Fig (a) shows a partial cross section 
thereof, and Fig (b) is an exploded view of its main portion. 

Fig 7 shows the structure of the conventional air - zinc battery. 

[Legends] 



I - reaction layer; 2 - metallic collector, 3 - gas permeable membrane; 4 - air diffusion 
electrode; 5 - separator, 6 - negative electrode mix; 7 - negative electrode collector pin; 8, 10, 

I I - gasket; 9 - lead wire; 12 - outer case; 13 - negative electrode terminal sheet; 14 - positive 
electrode terminal sheet; 15 - neck portion; 16 - air opening; 21, 22 - metallic sealing member, 
23 - positive electrode case, 50, 60 - cylindrical electrodes; 51,61- air-zinc battery 

Figl 

1 - reaction layer; 2 - metallic collector, 3 - gas permeable membrane; 21 - metallic sealing 
member, 22 - metallic sealing member, 50 - cylindrical electrode 

Fig 2 

4 - air diffusion electrode;*} - separator, 6 - negative electrode mix; 7 - negative electrode - 
collector pin; 8 - gasket; 13 - negative electrode terminal sheet; 16 - air opening; 21 - metallic 
sealing member, 22 - metallic sealing member, 23 - positive electrode case, 50 - cylindrical 
electrode; 51 - air-zinc battery 

Fig3 
Fig 4 
Fig 5 



G - projection processing 

Fig 6 

60- cylindrical electrode 

Fig 7 

4 - air diffusion electrode; 5 - separator, 6 - negative electrode mix; 7 - negative electrode 
collector pin; 8 - gasket; 9 - lead wire; 12 - outer case; 13 - negative electrode terminal sheet; 
14 - positive electrode terminal sheet; 15 - neck portion; 16 - air opening; 60 - cylindrical 
electrodes; 61 - air-zinc battery 
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